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IN THE CLAIMS: 

Please cancel claims 1,11,17, and 19-22, without prejudice. 

1 . Cancelled 

2. (Currently Amended) Th e m e thod of automatically calibrating a wat e r distribu 
tion mod e l as d e fin e d in claim K includin gA method of automatically calibrating a water distri- 
bution model of a water distribution network, comprising the steps of: p e rforming a calibration 
e valuation including th e st e ps of: 

(A) computing a goodn e ss of fit valu e for each calibration solution by using 

on e or mor e of th e following obj e ctiv e functions: 

1. minimizing th e sum of diff e r e nc e squar e ; 

2. minimizing the sum of absolut e diff e r e nces; and ------ 

3. minimizing maximum diff e r e nc e ; 

(B) d e fining th e diff e r e nc e as th e distanc e between fi e ld obs e rv e d valu e s and model 

simulat e d valu e s including flows and pr e ssur e h e ad/wat e r l e v e ls; and 

conv e rting both flow diff e r e nc e s and h e ad l e v e l differ e nces into an e quivalent 

scor e using two conv e rsion factors, including point p e r unit pr e ssur e h e ad diff e r e nc e and point 

p e r unit flow diff e r e nc e ; and(C) searching for optimiz e d solutions using a g e n e tic algorithm 

and calculating ov e rall goodn e ss of fit ov e r th e fi e ld data s e ts s e l e ct e d for a mod e l calibration 
run, and assigning an ov e rall goodn e ss of fit to e ach solution as a fitness e ntry into a g e n e tic al - 
gorithm to s e arch for optimiz e d solutions 

(A) selecting calibration parameters including link status and one or more of , pipe 

roughness and junction demand: 

(B) collecting field observed data including a pipe flow measurement and a junc- 
tion pressure measurement for at least one point in the water distribution network, and in- 
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eluding corresponding loading conditions and boundary conditions that existed in the 
network when said field observed data was collected; 

(O generating a population of trial solutions that comprise a set of calibration re- 
sults, using a genetic algorithm; 

(D) running multiple hydraulic simulations of each trial solution to obtain a set of 
predictions of pipe flows and junction pressures at selected points in the network, corre- 
sponding to the different loading conditions and associated boundary conditions when the 
field observed data was collected; 

(E) performing a calibration evaluation including th e st e ps of: 

(A) computing a goodness-of-fit value for each calibration solution using 

on e or mor e obj e ctiv e functi ons? 

1 . minimizing th e sum of diff e r e nc e squar e ; 

2. minimizing th e sum of absolute differenc e s; and 

3 . minimizing maximum diff e r e nc e ; 

(F) s e lecting said function based upon th e assigning th e goodn e ss of fit value for 

ea ch solution as th e fitn e ss for that e ntry into a g e n e tic algorithm; andd e fining th e 
differences as th e distanc e between field observed values and model simulated 
values including flows and pressure head/water levels; and 
e onv e rting both flow diff e r e nc e s and h e ad l e v e l diff e r e nc e s into an e quivalent 

scor e u s ing two conv e rsion factors, including point p e r unit pr e ssur e h e ad diff e r e nc e and 

point p e r unit flow diff e r e nc e^-and 



(F) (G) searching for optimized solutions using said a genetic algorithm and cal- 
culating everaH -goodness of fit over the field data sets selected for a model calibration run, and 
assigning an ov e rall a goodness of fit to each solution as a fitn e ss e ntry into a genetic algorithm 
to search for optimized solutions. 

1 3. (Currently Amended) The method of automatically calibrating a water distribu- 

2 tion model as defined in claim 2, including the further step of: 

3 (A) selecting a weighting function for at least one of said field observed data 

4 measurements, said weighting function formulated as a normaliz e d 

5 weighting factor of observed pressure heads and flows; and 
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6 (B) selecting as said weighting factor one of a linear, square, square root or 

7 log function of the ratio of individual value tfor flow or hydraulic pres- 

8 sure) to a sum of the observed values (of flows or hydraulic pressures); 

9 and 

10 (C) applying said weighting function when running said calibration evaluation 

1 1 to determine said goodness-of-fit value. 



1 4. (Currently Amended) The method of automatically calibrating a water distribu- 

2 tion model, as defined in claim -k2, including the further step of: 

3 selecting as said loading condition, at least one water demand loading at a prede- 

4 termined time of day, corresponding to a time of day when a field observed data meas- 

5 urement has been made. 



1 5. (Original) The method of automatically calibrating a water distribution model, as 

2 defined in claim 4, including the further step of selecting multiple loading conditions rep- 

3 resenting demand loading at various times of day when field observed data measurements 

4 have been made. 



1 6. (Currently Amended) The method of automatically calibrating a water distribu- 

2 tion model as defined in claim 4- 2 wherein said boundary conditions include water stor- 

3 age tank levels, pressures control valve settings and pump operation speeds. 

1 7. (Currently Amended) The method of automatically calibrating a water distribu- 

2 tion model as defined in claim 4-_2 including the further step of: 

3 after said optimized set of calibration data is obtained, making manual adjust- 

4 ments to this information for said water distribution model calibration. 



1 8. (Currently Amended) The method of automatically calibrating a water distribu- 

2 tion network model as defined in claim 4- 2, including the further step of performing a 
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sensitivity analysis by varying model input parameters over a predetermined range and 
observing the response thereto of said model. 

9. (Original) The method of automatically calibrating a water distribution network 
model as defined in claim 8 including the further step of adjusting the collection of field 
observed samples based upon the results of said sensitivity analysis. 

10. (Currently Amended) A computer readable medium containing executable pro- 
gram instructions for automatically calibrating a water distribution model of a water dis- 
tribution network that has links that include pipes and junctions, the executable program 
instructions comprising program instructions for: 

(A) generating a graphic user interface by which the user may enter data con- 
cerning field observed m e asur e m e nts for th e n e twor k data , demand alterna- 
tives and other information for the network and may mak e oth e r e ntri e s 
and s e l e ctions ; 

(B) a calibration module formatt e d - configured to produces calibration infor- 
mation for a water distribution model constructed from user-selected cali- 
bration parameters that includes at least one of pipe roughness, junction 
demand information, including d e mand groups, roughness groups, and 
link status; 

(C) a genetic algorithm module coupled to said calibration module and said 
user interface such that information about said calibration parameters, and 
user-entered field observed data, including s e l e ct e d field data-sets that in- 
clude calibration target data and boundary data, may be operated upon to 
produce a population of trial solutions, and said graphic user interface fur- 
ther being configured to allow a user to select goodness-of-fit criteria, a 
weighting function, and one or more genetic algorithm parameters and a 
number of top-trial solutions that produce the least difference between the 
model simulated and field observed values ; and 
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26 



23 



24 



25 



(D) a hydraulic network simulation module communicating with said genetic 
algorithm module such that top solutions generated by said genetic algo- 
rithm module can be run by said hydraulic network simulation module and 
sav e d a_to b e us e d to predict actual behavior of said network. 



i 11. Cancelled. 

1 12. (Currently Amended) The computer readable medium as defined in claim 44-10, 

2 wherein said genetic algorithm module further includes optimization programming that 

3 repetitively computes successive generations of solutions based upon said fitness infor- 

4 mation calculated by said calibration module to at least one optimal solution, and multi- 

5 pie top solutions being saved at th e e nd of for each optimized calibration run and-aH cali- 

6 bration settings and top solutions are p e rsist e d kept in such a manner that said user can 

7 review and retrieve-any calibration run previously performed. 

1 13. (Currently Amended) The computer readable medium as defined in claim 10 fur- 

2 ther comprising: 

3 a database including information regarding water distribution networks for constructing 

4 models of said networks, and into which information can be saved . 

1 14. (Previously Presented) The computer readable medium as defined in claim 10 

2 wherein said user interface further allows a user to enter information regarding alternative 

3 demand loadings, representing a demand for water supply at a given point in time, at a 

4 given location in the network. 

1 15. (Currently Amended) A method as described in claim 4- 2 wherein link status in- 

2 elud e s the op e rational is a status of being opened or closed of one or more of pipes, 
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3 valves and, as being on or off for pumps, in the water distribution model of the water dis- 

4 tribution network that is being calibrated. 

1 16. (Currently Amended) The method as defined in claim-4- 2 further comprising the 

2 step of: 

3 | computing a roughness value, roughness multiplier, d e mand multipli e r a nd identi- 

4 fying link status. 

i 17. Cancelled 

1 18. (Currently Amended) The system as defined in claim 1 0 wherein a calibration run 

2 can be terminated to determine intermediate values, and can be paused and resumed by 

3 s e l e cting calibration stop crit e ria including maximum numb e r of trials, minimum ro 

4 - quired goodn e ss of fit, and maximum numb e r of non improv e m e nt g e n e rations of go- 

5 n e tic algorithm optimization . 

l 19. Cancelled 

i 20. Cancelled. 

i 21. Cancelled 

l 22. Cancelled. 
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